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ABSTRACT

An Electrophysiological Investigation of a Classically Conditioned
Blink Response in Rabbits

(January

197^4-

Robert J. Nonnan, B. A., University of California, L. A.
M. A., University of Iowa

Directed by: Dr. Neil R. Carlson

A differential classically conditioned eye blink reflex

-was

estab-

lished to the CS compound tone-click, -where the frequency of the tone
served as the discriminating cue and the following click served as the

eliciting stimulus for the behavioral response,

A two msec four mamp

shock to the eye served as the UCS on reinforced trials.

Analysis of

evoked potentials from the inferior colliculus, medial geniculate, and

ventro posterio medial to the click yielded the following results:
a) Evoked potential amplitude increased in many sites as the conditioned

response was established, but, typical of conditioning studies, those
increases tended to disappear when the behavioral index stabalized. b)

Evoked potentials were often much smaller on trials in which no blink
occurred,

c) The variations in neural response

which

-was

correlated

with conditioned responding was least in the IC and greatest in VEM.
It was concluded that the alteration in evoked activity could be acoun-

ted for in terms of some non-specific mechansims such as arousal or attention.

In the light of these and other findings, it is suggested that

investigations of simple classical conditioning should be redirected to
a rigorous study of reticular formation participation in essential closiire.
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INTRODUCTION

The description of pathways and mechanisms underlying the

acquisition and maintenance of a learned behavior is of fundamental
interest; yet, in spite of great ingenuity and perseverance of many

investigators, there is little basic information about that process.
In this paper, I will develop a conceptual framework for an electro-

physiological analysis of a classically conditioned reflex, and then
report an attempt to describe a pathway mediating such a response.

Classical Conditioning

A classically conditioned response is often referred to as one
which is "elicited" by the conditioned stimulus in a manner similar
to a reflex action.

In contrast, an instrumental response is con-

sidered "voluntary," where the conditioned stimulus sets the occasion for the response but does not elicit it.

These intuitive

notions about the two classes of conditioning are derived in part

from the procedures used to produce them.

A classically conditioned

response is developed following repeated temporal pairing of a

conditioned stimulus (CS) with an unconditioned stimulus (UCS) which
elicits a reflex response (UCR).

In time, a conditioned response

(CR) is elicited by the CS and that response is often similar in

form to the unconditioned response (e.g., both are leg flexions).
The CS must precede the UCS by a minimal interval for conditioning

to occur, and the UCS follows the CS independent of the response of
the subject.

By the conditioning process, then, the CS comes to
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excite some of the central pathways associated vith

the'

unconditioned

reflex; the final motor nucleus for the unconditioned response is

clearly a common path and it is probable that the essential connections between the CS and the UCS occur at more central locations.

Instrumental conditioning, as procedurally defined, differs from
classical conditioning in that presentation of the reinforcing event
is made contingent on the response.

In shock avoidance conditioning,

for example, the shock is omitted if the subject makes the appropriate response and that response need not resemble any component of
the unconditioned response.

The labile nature of such responses may

suggest that the underlying neural mechanisms are more complex than
for classical conditioning.
One approach in studying the formation of conditioned connec-

tions involves recording electrical activity in various parts of the
"brain and correlating the observed activity with the phases of

learning.

At some part or parts of the brain, there may be evidence

of activity closely related to the formation of a conditioned response.

A selective review of studies reporting on these measures

will illustrate some of the problems encountered in such an analysis.
O'Brien and Fox (I969) studied the firing patterns of poly.

sensory cells in the cortex of immobilized cats during repeated

pairing of a flash of light with a mild subcutaneous shock to a
forelimb.

They found many cells which showed a modified pattern of

discharge to the light as a result of the pairings, and such modifications were not seen during random presentation of both stimuli.

3

The observed modification in firing pattern developed
progressively
^.over the

course of fifty to one hundred pairings, but then decreased

back to baseline levels

-with continued training.

This transient

character of these electrophysiological measures calls into question
their significance for conditioning,

Lelord and Maho (1969) studied auditory evoked potentials in
various cortical and subcortical sites in cats during conditioning
v/ith a

brief tone CS and a mild shock to a branch of the radial

nerve as the UCS.

vas evoked from the

The shock intensity was set so that no movement
liiah

in a freely moving animal.

They reported

stable enhancement of evoked potentials to tone in the thalamic

somatic sensory relay nucleus (VPL) in experimental animals, but

not in animals receiving unpaired presentation of both stimuli.
The stability of the thalamic evoked potentials vas contrasted -with

unsystematic fluctuations at cortical and other subcortical sites.
The finding of enhanced evoked activity to tones in VPL is impor-

tant for a connectionistic view of conditioning and deserves care-

ful attention since VPL is part of the ascending pathway of the UCS
,and excitation of a portion of the UCS neural pathway could be an

important link in establishing the critical connection.

Unfortu-

nately, no motor response was evoked so an analysis of the contri-

bution of the thalamic activity to a learned motor response could
not be made directly,
Buchwald, Halas, and Schramm (1966) measured multiple unit

activity in various subcortical sites during habituation.

conditioning, extinction, and reacquisition
of a classically con-

ditioned foreleg flexion in cats.

.

They found a generalized aug-

mentation of neural responses to the tone CS in
classical auditory
pathways, but the augmentation vas not related
on a trial-by-trial

basis to the conditioned response.

There were neural responses in

the pathway of the unconditioned stmulus which were
highly corre-

lated with the response, but it was concluded that the
evoked

activity was due to sensory feedback generated peripherally
by the
conditioned limb movement since the neural responses disappeared

under paralysis.

Occasional large responses to tone were also seen

in the lateral geniculate nucleus (the relay for visual stimuli),

but these responses were traced to a blink response to tone which
was part of a generalized motor reaction to the tone.

Leg flexion conditioning is complicated by a number of possible
artifacts.

Anokhin (1959) found that removal of motor cortex

abolished a conditioned forelimb flexion response previously estab-

lished in dogs, yet postural adjustments to the conditioned stimulus
>

in anticipation of the shock were still present.
•

It is not unlikely

-that such movements might sometimes be taken as true conditioned

responses where they really seem to be more of an instrumental component.

A similar point is made in a study by Wagner (1967) who

suggested that what appears to be a classically conditioned forelimb

flexion response, when stimulation of appropriate parts of motor
cortex is used as an unconditioned stimulus, may really be a postural

adjustment to anticipation of the sudden loss of support from the
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affected Imb.

In both studies the observed movements can be

distinguished from true classically conditioned responses
by both

physiological and procedural criteria.

The various problems in

analysing the leg flexion experiment has led investigators
to alternative response systems for study.

Rebert (1969) measured slow potential shifts in a number of

brain sites during a conditioned

ja-w

movement in cats.

A tone CS

vas paired with delivery of a few drops of acetic acid on the tongue.
The advantage of the response used

that postural adjustments

-was

vere not an important consideration.

The most marked evoked activity

related to conditioning was seen in the

vm

of the thalamus (the

receiving area for somatic stimuli from the face and for gustation)
during the acquisition phase of conditioning, but the conditioned

brain activity returned to baseline levels when the behavioral index
reached asymptote.

Chorini (1969) from the same laboratory has re-

ported similar results for foreleg conditioning.
*

Classically Conditioned Blink Response
The classically conditioned eyeblink response may provide a

number of advantages as a learning paradigm amenable to electro-

physiological analysis.

The response is easily conditioned, and

parameters of conditioning have been well studied (Gormezano, I966;
Gormezano, 1972; Frey, I969; and Moore, 1972).

There is no require-

ment for postural adjustment to an eyeblink, although there may be

motor response (struggling) coincident with conditioning, though
this does not occur with rabbits.

The neural basis for the motor
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response is imusually simple for a vertebrate in that
there are

apparently no sensory feedback fibers from the eyelid muscles,
and
consequently no proprioceptive coordinating mechanisms involving
cerebellum and red nucleus (Coureville, 1966; Mizuno, I97I; Lindquist, 1970).

The physiology of the \mconditioned blink response to

cutaneous input from the face has been studied by Lindquist (I970)

and by Woody (1969) using electrophysiological techniques, and

Rushworth (1962) has examined the reflex blink to cutaneous, auditory, and visual stimulation in humans.

There are two short latency

components to the unconditioned reflex.

The first conponent occurs

at a fixed latency and stable amplitude, -while the second component
is more labile and sensitive to arousal levels of the subject.

Reflex blinks to non- cutaneous senses are more difficult to elicit
and habituate more rapidly.

All habituated reflexes can be rein-

stated by simple manipulations such as telling the subject that he

might be shocked during the trials.
Irvine and Webster (1972) attempted to condition eyeblink in
cats, but concluded that the observed behavior
.

-was

due to pseudo-

cpnditioning since blink responses to the CS were also seen in
animals which received unpaired presentation of the CS and UCS.

Gasavov (1966) has reported electrophysiological measures from a
cat during successful conditioning of the blink reflex to click.

Evoked activity in auditory cortex showed typical transient
changes during initial phases of acquisition and again following
the transition to differential conditioning.

Woody has published

7

numerous research reports (I972, 1969b; Engle and
Woody, I972) on

evoked brain activity during a classically conditioned
blink reflex;
however, a careful analysis of his data leads to the
conclusion that
the behavioral response measured was due to sensitization
of the

unconditioned reflex blink to the CS by the presentation of the
shock
US, and that his electrophysiological measures cannot be
considered

to be correlates of the conditioning process.

The basis for these

conclusions may be outlined as follows:
1.

The unconditioned blink in cats has a similar form to that

described by Rushworth in humans, and there exist similar unconditioned reflex pathways for auditory and visual inputs (Ferger, 1972).
The response observed by Woody (at a latency of 17 msec) falls within
the range of latencies defined for the second component of the uncon-

ditioned reflex to click.

This enhancement of an established reflex

has been termed "alpha" conditioning or sensitization (Kimble, 196I;
Gormezano, I966).
2.

Woody reports that no conditioned response activity occiirred

at a latency of greater than fifty milliseconds, yet Gormezano states
"that,

independent of the various parameters of conditioning, no

conditioned movement starts before the fifty millisecond period
following the conditioned stimulus, and most conditioned movement
starts- at a 100 msec latency or greater.

firmed the relation for the cat.

Wickens (I969) has con-

Reaction time studies show a lower

limit of 100 to 200 msec latency depending on parameters of the

eliciting stimulus, and Bizzi (1972) notes that even a highly
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important reflex orientation to a visual stimulus
requires a lower
limit of approximately 100 msec before motor activity
is observed.
The complete lack of longer latency activity, typical
of conditioned

responses, further suggests that the response observed by
Woody

-was

due to sensitization,
3.
•was

In one study, an inter stimulus-interval (ISI) of I5 msec

used to condition a blink reflex (Engle and Woody,
1971), while

other studies have shown that conditioning fails when the to-beconditioned- stimulus is presented much less than 100 msec before
the unconditioned stimulus (Gormezano, 1972; Wickens, I969).
•when central

brain

stjjiiTilation is

Even

used as the conditioned stimulus,

there appears to be an absolute lower limit of 50 msec for even

moderate levels of conditioning to occur (Patterson, I97I).

The

apparent conditioning in Engle and Woody' s study at such a short

interval calls into question the use of the term conditioned response
in this case' the similarity in form of the response to that ob-

tained in other studies from the same laboratory raise additional
doubt over those studies as well.
.....

h.

In light of the above comments, some attention should be

given to the question of the adequacy of Woody' s control group
.(Woody, 1969b).

The rationale for using backward conditioning

(where the conditioned stimulus regularly follows the \mconditioned

stimulus) as a control for sensitization is that the unconditioned

stimulus in an aversive conditioning paradigm sets up internal states

which enhance reflex responses to other situational stimuli, and

s
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presmably the effect of the unconditioned, stimulus would be
maximal in that regard shortly following its presentation.

•

If

sensitization is occuring in the nomal conditioning groups, then
it should be seen to the same or greater extent in subjects receiving
the backward pairing.

Woody did not find responding in the backward

control group, typically indicating a lack of sensitization in his

experimental groups.

An alternative analysis of the backward con-

ditioning group is required to support the interpretation of Woody'
studies given here.

The fixed ten second ISI used by Woody sets up

a situation for temporal conditioning where each trial may reliably

cue the beginning of the next trial.

Rather than hypothesize maxi-

mal sensitization effects immediately following the unconditioned
•stimulus, it is equally plausible that the unconditioned stimulus

signals a brief period during which no further stimulation will
occur, and, furthermore, that as the period lengthens, another un-

conditioned stimulus is imminent.

The process Tinderlying sensitiza-

tion would then be expected to be minimal immediately following the
*

unconditioned stimulus and to build to a maximum immediately pre-

^ .ceding the nonnal time of occurrence of the next unconditioned stimulus.

Consistent with this analysis, Durova and Gasanov (19^9) found

increased threshold for the elicitation of auditory evoked potentials
in the cortex of cats following repeated pairing of air-puff and
click.

The threshold change was not simply the effect of the air-

puff presentations since it was not seen on initial presentations
but only after a number of trials.

Further, Webster (1972) found
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that the response of the auditory nerve to click
is slightly re-

duced in the period follav;ing presentation of a shock.

Since shock

tends to reduce responsiveness to a following stimulus,
backward

conditioning as a control for sensitization is not adequate
for

either behavioral or neural measures.
In summary, then, there are no published reports of a reliable
central brain correlate of a classically conditioned motor response
and changes which are observed are generally due to neirral pro-

cessing related to non-associative factors inherent in the condi-

tioning situation (Mark and Hall, I969; Hall, 1970) or to various

methodological or response produced artifacts.

The widespread

enhancement of neural activity to a conditioned

stijniilus

often seen

in early stages of conditioning is not maintained when the condi-

tioned motor behavior stabilizes.

This transient nature of brain

activity during conditioning is not limited to classical conditioning; Saunders (1971) and Jasper (1959) report similar types of

transient correlates of conditioned avoidance behavior where the

conditioned stimulus signals shock.
The purpose of the research described in this report was to

study neural activity which might be uniquely associated with the
elicitation of a classically conditioned blink reflex in rabbits.

Activity recorded at the thalamic relay area for cutaneous senses
from the face (VTM) is of primary interest because of theoretical
speculations (Konorski, I968) that UCS pathways play an important
role in conditioned connections.

Evoked activity recorded at the
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medial geniculate (MG) was intended to control for attention
effects

-

e.g., parallel enhancement of MG and VIM evoked potentials

voiild not implicate

VPM in any unique role.

the inferior colliculus (ic)

Evoked activity from

is relatively stable across arousal

levels and is intended as a further control recording site (Wickelgren, 1968a; Hall, 197O; Majkowski, 1972).

*

12

METHOD
Subjects and Surgery-

Seven Nev Zealand albino rabbits obtained from
a local sup-

plier were housed in an air-conditioned room and
had free access
to food and vater at all times.

The animals veighed between 2.?

and 3.5 kg at the time of surgery.

Subjects were premedicated with

chloropromazine (25 mg/kg), which was followed twenty minutes
later

with an injection of Nembutol (20 to 25 mg/kg).

The animal's head

was fixed in a Kopf stereotaxic adaptor which prevented damage
to
the ear by using external head clamps.

The skull was widely ex-

posed, scraped clean and allowed to air dry.

Holes were drilled at

the approximate location of electrode insertion and were further

widened and filed to remove burrs or bony protrusions.

The dura

under each hole was cut with microdisection scissors to allow unhindered electrode insertion.

The head was then oriented with skull

lambda located 1.5 mm below the horizontal plane of bregma, and
.bipolar electrodes were placed bilaterally in the medial geniculate

bodies, the .ventral posterior medial nucleus of the thalamus, and

'the inferior colliculi on both sides.

Coordinates from bregma were

obtained from the atlas of Sawyer and Green.
•

Electrodes were fash-

ioned from two insulated stainless steel insect pins (size 00)

cemented side-by- side with tips separated vertically by 1 mm, and

approximately 100 micra of insulation was cleared from the tips.

Electrical activity at the electrode tip was monitored during implantation to aid in locating the desired recording site.

Stainless
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steel screws served as anchor points on the skull, and one of
these
'located on the frontal bone was also used as a ground point for

recording.

Electrode leads were

connector and the entire assembly
cap.

led

out to an Amphenol strip

-was

imbedded in a dental acrylic

Subjects were returned to their home cages and given 500 units

of penicillin i.m. immediately after surgery.

All animals were

allowed at least two weeks post -operative recovery.

The day before

recording began, three stainless steel machine screws were cemented
to each subject's acrylic plug to provide a means for rigid support

of the head during recording.

Procedure
Subjects were placed in a plastic restraining box similar to
the one described by Gormezano (1966).

The screws in the subjects'

aciylic plugs fit into a horizontal plastic plate which was moiinted
to the front of the restraining box.

By this means the head was

rigidly held allowing uncontaminated measurement of lid movement.

Blink responses were measured using a lightweight balanced arm connected to a micro-torque potentiometer mounted on the restraining
plate.

Eyelid movements were converted to a proportional voltage

by a resistance bridge circuit.

Two insect pins connected to a

constant current shock source were inserted immediately posterior
to the right eye and approximately five millimeters above and below
the midline of the eye.

pulse of four milliamps.

Shock in all cases was a two millisecond
This intensity was sufficient to cause a

sharp well-defined ujiconditioned blink reflex but did not evoke

ih

violent struggling.

The subjects' ears vera restrained to prevent

orientation to the auditory stimuli and consequent changes in recorded brain activity.

Middle ear muscles vere left intact since

peripheral gating by this mechanism does not appear to be an important consideration when using moderate intensity stimulation (Carmel
and Starr, I962; Borg, 1973), nor are the effects of middle ear muscle activation or central auditory activity apparent in studies of

auditory processing at the level of inferior colliculus and above
(Wickelgren, 1968).

Alterations of evoked potentials as a fvmction

of positions within a sound field are also minimal when recording at

higher levels of the auditory system, so that the use of an external
speaker for the delivery
196^).

of stimuli is justified (Worden et al.,

The restraining box containing the subject was placed inside

a modified refrigerator providing acoustic and electromagnetic at-

tenuation.

A three -inch speaker was mo\mted six inches in front of

and at the level of the rabbit's ears.

Conditioned stimuli and a

'constant background of white noise were presented through the one
speaker.

The inside of the box was illuminated with a single 2.5

watt light bulb driven by a regulated power supply.
:

One hundred trials were given daily with a randomly varied

intertrial interval of 20 to 50 seconds.

The trial began with a tone

onset with the frequency of the tone serving as a cue for reinforced

and non-reinforced trials during discrimination training.

A click

stimulus served as the effective eliciting stimulus for the condi-

tioned response, and the evoked potential to the click was the
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neural response studied here.

This procedure allowed analysis of

evoked activity always to the same stimulus
(click), but in a dis-

criminated response.

(The click was superijnposed on tones of
dif-

fering frequency, therefore the eliciting stimulus
vas not identical
on all trials, but since it was the change in
evoked activity as a

function of experience that vas of primary interest,
strict equivalence of stimuli is not necessary.)

The interval between tone onset

and click was randomly varied between 3 and 10 seconds
to eliminate

conditioning to tone onset.

On non-reinforced trials the shock was

omitted but the tone-click sequence was presented as usual.

The

click-shock interval was fixed at 250 msec.

tone

click
shock
I

Two tone frequencies, 90O Hz and 2300 Hz, vere used throughout
'training, both tones appearing in a random order.

All subjects

received two days of habituation trials on -which no shock was presented, although shock electrodes vere alvays applied.

On the third

day, the acquisition phase vas started vith click, in the presence

of both tones, alvays reinforced vith shock.

For five subjects,

acquisition vas continued for five days beyond the point at vhich
asymptotic levels of perfomance vere reached.

The additional days

vere expected to provide time for any transitory brain activity to
stabilize.

Folloving acquisition, three subjects vere svitched to
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discrimination training in which one of the tones preceding the
plick signaled non- shocked trials.

For two subjects the 2300 Hz

tone served as the DS; for the remaining subject, the 900 Hz tone

served as the DS.

Two other subjects served as discrimination con-

trols receiving reinforcement on fifty percent of the trials as in
the discrimination group, but the tone did not serve as a cue for

positive or negative trials.

Two additional subjects received

discrimination training immediately after criterion responding was
obtained in the acquisition phase.

This was done because of the

relatively poor discrimination shown in the subjects trained earlier.
It was hoped that discrimination performance would be improved by

fewer trials of reinforcement in the presence of both tones.

At the end of differential training, five days of extinction
trials were given.

Shock electrodes were inserted as before, but

no shock was delivered.

On the final day, each subject was pre-

sented with 100 trials where both tones were again reinforced.
,This reacquisition phase was intended to observe the course of

acquisition to the tone which had served as the DS.

Apparatus

All presentation of stimuli and data collection was controlled

by a ModcoD^ III-15 computer

(Modiilar Computer Systems).

Data were

saved on digital magnetic tape for further analysis.
The tones were generated by two Hewlett Packard model 200 ABR

audio oscillators.

The outputs of each tone generator were gated

by opto-electronic isolators (Sigma series 301) which provided
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smooth onset and offset.
,

The rise time for the tone envelopes vas

adjusted to 50 milliseconds for both tones producing
relatively
abrupt transitions, but vithout the click transients characteristic
of faster switching times.

A background of vhite noise vas pro-

vided by a Grason Stadler h^^C noise generator.

The click was pro-

duced by an integrated circuit monostable multivibrator set to give
a 0.2 msec pulse of constant amplitude.

All stimuli were passed

through Hewlett Packard 350D attenuators, the outputs of which were

wired together and led to the input of a Grass

m-3

audio monitor.

Sound level measurements were made by initially calibrating a

Sony microphone (F-98) against a General Eadio model 1565-A sound
level meter.

All sound level measurements were made with the micro-

phone at the approximate location of the rabbit's ears in the recording chamber and with the door closed.

The ambient noise level

inside the chamber was 63 db SPL, and the white noise was adjusted

to raise the level to 65 db SPL.

The two tone stimuli were equated

for loudness and set to raise the sound level in the chamber by 7 db.
The click was adjusted so that its peak voltage recorded at the out•put of the audio amplifier was equal to the peak-to-peak voltage of

a 1 kHz tone which raised the sound level in the chamber by 7 db.

Bipolar signals from each of three recording sites were amplified to provide a gain of 20,000 and a l/2 amplitude band-pass from
3 Hz to 300 Hz.

The three slow-potential channels were sampled each

millisecond through an analog-to-digital converter for the 25O msec
period following the click stimulus.

The votage fluctuations
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representing eyelid movements during this period were
similarly
but at four msec intervals.

^ajirpled,

The data from each trial for

the three evoked potential channels and the blink
response y^ere

saved on digital tape.

Histology
Following the final reacquisition day, each animal was given an
overdose of Nembutal anesthesia and perfused percardially with

physiological saline followed by a solution of potassium ferricyanide in ten percent formalin.

Electrode position was marked by

electrolytically depositing iron (Prussian Blue reaction).

The

brain was removed and further fixed in formalin for one week.

Prior

to sectioning, the brains were transferred to a 30 percent sucrose

solution.

Fifty micron sections were cut on a freezing microtome

and stained with cresyl violet.

Data Reduction and Analysis

Eyelid movements were counted as conditioned responses if there
was an excursion of greater than 0.5 mm (referred to the lid) before
the unconditioned stimulus, but at a latency of at least 50 msec from
the conditioned stimulus.

The latency, the peak height, and latency

to peak for all responses was computed for all trials.

A X

2

statis-

tic was computed for the discrimination phase of the experiment to
test the significance of the distribution of responses to the two
tones.

During all phases of training, four types of trials were

identified according to whether or not a response occured and
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according to the tone used on that trial.

Automatic scoring of

tilink responses allowed immediate averaging of
evoked potentials

into the four classes of trials and these averages vere plotted
on
a chart recorder for further analysis.

Trial Classifications:

response

Tone 1

r"^

j^"

Tone 2

N"*"

n"

Off-line analysis of data

"was

no response

performed at the University of

Massachusetts Research Computing Center, and at the Health Sciences

Computing Facility at the University of California at Los Angeles.
In addition to the standard evoked potentials, the digital time

derivative (X^ =
analyses.

~

+

~ ^ msec) was

used in several

The reason for using this transformation is that the

derivitive potential has been shown to predict imderlying cell

activity as -well as, or better than, the evoked potential recorded
^'rom the same electrode (Fox and Norman,

19^9; Verzeano, I968).

Signal strength of the averaged evoked potential

-was

evaluated

using a repeated measure analysis of variance, the numerical value
of the potential at successive points in time providing the repeated
•measure on a "case."

Higher order ANOV designs allowed evaluation

of the effect of tone and response factors on the shape of the evoked
potential.

The F value for the evoked potential represented a

measure of the significance of stimulus -locked fluctuations in the
recorded signal, and the F value for the various interaction terms

•
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represented, the effect of a factor on the shape (or size) of the

evoked potential.

From the terms generated by the analysis, a

statistic was derived vhich represented the signal strength of the

evoked potential.

The mean square term for an effect can he fac-

tored into two components,

MS^ = MS^^^ + n9|

where MS^^^ is the error term from the analysis and can be considered to be "noise," and nO

represents the variability of the

potential after non-time-lock fluctuations are removed.

The sta-

tistic theta (O), then, is a measure of the variability in the

recorded potential due to a coherent "signal."
The Stepwise discriminant (UCIA biomed BMD07M) analysis was

used in selected cases to test whether there were features in the
evoked potential which would predict on a trial-by- trial basis

whether or not a response occurred (Donchin, 19^9)
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RESULTS

Histology
Out of 39 electrode sites, I5 were found to be in the target

structure, I8 were outside the target but yielded usable records,

and 6 were not included due to absence of evoked potentials.

The

majority of placement errors were due to inferior colliculus placements which tended to be medial and slightly anterior to the desired site.

Histological and evoked potential data for each record-

ing site is summarized in Table I below, and more complete records
are made available in the Appendix,

Habituation

After a short period of adaptation to the restraining box,
the rabbits generally sat rather quietly with eyes open and showed

very little spontaneous blinking.

There were no blink responses

to the CS of a magnitude reaching criterion during habituation
trials.

The lack of spontaneous blinking and of \mconditioned

blink reflexes to the click provided a stable reference for con,.ditioning measures.

To ascertain whether there was a general decrease in evoked

activity during habituation, the signal strength estimator (theta)
on the first twenty trials and the last twenty trials of habituation day one were compared.

A Wilcoxen signed-rahks test (Siegel,

1965) indicated a significant decrease (p = O.O25, one-tailed test).

The same test applied to different recording sites on the second
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day of habituation failed to reach significance though the same
tendency was indicated.

No comparison could be made between Day 1

and Day 2 since recording sites were alternated daily to get a

measure of any laterality effects.

There was no clear relation

between site of structure and the extent of observed habituation.

Acquisition Performance
The daily percentage of conditioned responses for each subject
is shown in Figure 1.

Conditioned responses appeared after 100 to

500 pairings and usually reached near asymptote levels within 100
trials following the first CR.

The initial responses were long

latency deflections appearing just before the unconditioned blink
and with continued training, the latency decreased to approximately
200 msec while the amplitude increased.

Conditioned responses

showed a minimum latency of approximately I50 msec, and no short

latency responses were evident in either lid movement or in IMG
records.

Estimation of blink latency from EMG did not differ from

estimates measured from mechanical coupling by more then twenty msec.
The abrupt onset of conditioned responses was especially marked

in rabbit #6.

On the last ten trials of the fifth training day

(where no CR's were observed on ^90 trials) the click was increased

by

5 db,

and on the ten remaining trials of that day criterion

responses were made.

On the following day, intensity of the click

was returned to the original level and conditioned responses re-

mained at asym.ptotic levels.
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The introduction of shock on acq.uisition days did not cause
,a

general alteration in evoked potential amplitudes.

An enhance-

ment of evoked potentials was seen coincident vith the onset of
conditioned responses.

Table II lists the signal strength estima-

tion (0) for various sites before and after response acquisition,
and the number of cases in vhich an increase is indicated is sta-

tistically significant (p
test).

<

O.O5, Wilcoxon signed ranks one-tailed

These increases came before, during, or after acquisition

of the conditioned response in various sites and no generalizations

could be made about the
ditioning.
(2, 3 J

-way

any single structure responded to con-

Examination of sample records in the following figures

and h) indicate that the alteration in evoked potential

across days was essentially independent of the behavioral index,

and often the potentials were smaller late in training than at pre-

acquisition levels.

There were no recording sites yeilding any

clear indication of participation in conditioned responses.

Altera-

tions in evoked potential amplitude appeared to be under the control

of factors unrelated to the conditioning process..

Discrimination
The next phase of the study was most critical because dis-

criminated conditioning was to provide a simultaneous control for
non-associative factors in conditioning.

It was disturbing, there-

fore, that acquisition of a discrminated conditioned response

proceded so slowly in subjects receiving extended acquisition training.

These subjects

and 5) showed prolonged responding to the

2k

DS and never achieved stable high levels of discrimination.
^Subjects 8 and 9 who were switched to the discrimination
procedure

immediately after achieving criterion CR's developed a discriminated
response nomally.

All subjects did eventually develop highly

significant periods of conditioned discrimination which could be

used for electrophysiological analysis.
Observing the conditioned responses gave the impression that a

fixed criterion level for scoring a response ignored important
features of that response which might indicate higher levels of
discrimination.

In Figure 5 the distribution of latencies and of

peak response amplitudes of the blink response for all responses
to the CS and to the DS for one subject are shown.

This figure

indicates that even when an incorrect response was made to the DS,
it was of a different

fom

than responses to the CS and this result

was true for the other subjects.

Another factors that might have

affected conditioning was the duration of the tone preceding the
click; on some trials the tone came one second before the click

while it was presented for up to ten seconds on other trials.

Examination of average discrimination over days as a function of
tone interval failed to show any relationship, however.

The discrimination phase of training provided a means for
comparing, within a session, the evoked activity on trials on which
a behavioral response was made (r) to the evoked activity on non-

response trials (NR)

,

Some of the most striking alterations in

evoked potentials were seen with such comparisons and an example
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is given in Figure 6.

This figure shows tvo averaged evoked

potentials from the MG and VPM in one rabbit (No.
3) for five
trials on which there was a CR and two averages for five trials
on which there was no movement detected.

The difference apparent

in the figure was highly significant statistically and was evident
in single evoked potentials as well.

Other sites in other subjects

yeilded similar results in that averaged response amplitude was
smaller on WR trials than on R trials and yet these differences

were neither consistent from day to day or within a daily session,
nor was there any trend as a function of discrimination (Figure 7).
The evoked potential wave shape was examined as a function of R and

NR trials using the discriminant analysis.

Figure 8 illustrates

the result of the analysis, showing two sample evoked potentials

for one subject, and below these averages are curves generated by

subtracting the average evoked potentials for all R trials from the
average of all KR trials.

These difference curves are shown for a

number of successive discrimination days.

There are no consistent

characteristics in the difference potentials apparent in visual
.examination of the records, and in confirmation, the discriminant

analysis of the differences for this same subject across days did
not yield any points or group of points which consistently entered

into the differences except in the trivial case of peak-to-peak
amplitude measures.

Figure 9 shows the averaged percent difference in evoked

potential amplitude for R versus NR trials for each of the three
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target structures.
-and

m

The difference between peak amplitude on R

trials for each recording site for each subject ^as expressed

as a percent of the NR amplitude.

These daily percentages were

averaged across discrimination days and across subjects.

The

figure indicates that the greatest difference in evoked potential

vhich was correlated with the CR came from the

VBvI

target site.

Intermediate variability occurred in and around MG and the least

variability was found in and near IC.

The overall differences were

found significant by an analysis of variance (f= 8.71; df = 2,113;

P<0.01).

.
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TABLE I.

SU^IMARY OF RESULTS FROM INDIVIDUAL RECORDING
SITES

^Electrodes are numbered according to animal number,
recording
channel and either left or right side; thus, subject number
3,
channel 2, left side is coded 3-2-L. Response difference
refen
to the extent of evoked potential modification as a
function of
occurrence of a CR; these descriptive characterizations are aug.
mented in the appendix.

Electrode
3-1-L
3-2-L
3-3-L

Target
VIM
MG

IC

IC

VIM
MG

VPM

m

1

.

Ym

IC

i+-l-L

h-2-L
4-3-L
h-l-R
h-2-R
^-3-R
5-l-L
5-2-L
5-3-L
5-1-R
5-2-R
5-3-R
6-1-L
6-2-L
6-3-L
6-l-R
6-2-R
6-3-R
7-1-L
7-2-L
7-3-L
7-1-R
7-2-R
7-3-R
8-1-L
8-2-L
8-3-L
8-1-R
8-2-R
8-3-R
9-1-L
9-2-L
9-3-L
9-1-R
9-2-R
9-3-R

Confirmed Site
between Vm and CM
MG
central gray
anterior MG
dorsal to VP
central gray
zona incerta
VPL
near SC and PT
posterior MG
dorsal to VP

Ym
IC

MG

vm
IC

MG

anterior MG

IC

IC

VIM

VIM

IC

zona incerta
IC deep

VIM
MG

MG

m

VPL-VHvi

IC

IC

VIM
MG

VP-MG
MG

IC

deep IC
VP-LP
MG-magnocellular
central gray
dorsal to VP
MG-magnocellular
central gray
dorsal to VP
MG

VIM
MG
'

•

IC

VIM
MG
IC

VIM
MG
IC

IC

VIM
MG

VIM-CM
MG

IC

.

IC

some
slight

moderate
slight
none
not used
some

marked
none
stable
none

very marked
moderate
some
not used
none
none

marked
marked

IC
fields of forel
(lost histology)
deep IC

VIM
MG

Response Diff
marked

.

slight
moderate
some

not used
slight
slight
none
stable
some
some

marked
not used
slight
not used
some
none
not used
some
none

U

.
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TABLE II. EVOKED POTENTIAL -CHANGE WIIH OR
ACQUISITION

Evoked potential size estijnator theta is taken
from each recording
site both before and after acquisition of a
conditioned response.
The Wilcoxon signed ranks test indicates that
for all sites
independent of target structure, there is an increase
in evoked
potential strength coincident with initial learning.
Electrode
designations are as in Table I.
Pre

Post

Acquisition

Acquisition

Electrode

Dav

Day

kLl
kl2
kL3

A3
A3
A3
H2
H2
H2
A2
A2
A2
A3
A3
A3
Ak
Ah
Ak
Al
Al
Al
Al

i+Rl

^R2
i+R3

•

5L1
5L2
5L3
6li
6L2
6L3
6ri
6R2
6r3
7L1
7L2
7L3

8li
8L2
8L3
8ri
8R2
8r3
9R1
9R2
9R3

•

Al
Al
H2
H2
H2
H2
H2
H2

QO
11"^

^1
57
316
hi

68.8
78
91.7
h.Q
ih
10
18.1
22.6
^0.7
7.6
27.9
21.5
26.6
17.5

.

122.9
32.9
57.0
132.0
17.2
22.3
30.1

A7
AY
A7
A5
A C
A5
A £r
A5
A?
A5
A5

a8
A8
A8
a6
A6
A6
A3
A3
A3
D2
D2
D2
A2
A2
A2
Dl
Dl
Dl

Score

Diff

Rank

lq-0

50
9
17
-19
71

25
13
16
17
27
1
12
10
2h
h
20
9
18

122
o
40
3o
o O r/
3o7
1,

2

^+3

ox

-7.0
-7

71
137.7
7.^
^3.0
16.9
37.8

1+6

2.6
29
6.9
19.7
2.3
3.8
h,8
-2.1
5.5
16
21.6

2I+.9

hh.3
12.

25.8
27.0
h2.6
39.1
Qi.h
76.2
26.8
186.0
10.9
31.^
3^.1

-i+1.5

h3.3
-30.2
3h,0
-7.3
9.1
h,l

Wilcoxon signed ranks test:
z = 95 /

(2360)2

1.96

p

<

0.02

3
5

7
2
8

15

19
22
23
21
26

11
li+

6
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Figure 1. CONDITIONED RESPONSE PERFORMANCE. Percent CR to the
CS and DS for each subject for all days of training. Days on
•which significant levels of discriminated responding -were seen
are indicated by the asterisk (^).
On some days a fe-w extinction
trials -were given by error and these days are also indicated.

30

31
Fig. 1 (cont.)
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Figure 2. EP SIGNAL STRENGTH ACROSS TRAINING. Averaged
signal
strength (theta) of evoked potentials for all
trials on successive
days for one subject
Days of significant discrmination are
indicated by the asterisk
Conditioned responses first appeared
on day four and remained stable at high levels
thereafter. No
recording site reflects this conditioned response.
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CR CONTINGENT EVOKED POTENTIAL

No Response

Conditioned Response

early disc.

Figure k. Sample averaged evoked responses of R and MR trials taken
from various stages of training. There are no amplitude or waveform characteristics of the evoked potential reflecting acquisition
or discrimination of the blink conditioned response.
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BLINK RESPONSE CHARACTERISTICS

Figure 5. Distribution of peak amplitudes and response latencies
of blink conditioned responses for one subject during a discrimination day. Similar data is found in other subjects.
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RESPONSE COCTINGEKT EP MODIFICATION

R

TRIALS

NR TRIALS

Figure 6. Example of evoked potential response changes with R
The top two averages were taken from five trials
and NR trials.
on which a criterion blink CR was made while the bottom set of
averages was from five trials within the same block of trials but
The observed modulation in evoked
no blink CR was observed.
consistant from day to day or within
not
amplitude
was
potential
sessions.
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EP VARIATION AS A FUNCTION OF TRIAL TYPE
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DAYS OF DISCRIMINATION
Figure 7. Peak amplitude across discrimination days. For each of
three sites in one subject, the variation in amplitude of the four
classes of averaged evoked potential is shown for ten discrimination
training days. Successful behavioral discrimination is indicated (*).
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R-NR DIFFERENCE POTENTIALS

Figure 8. At the top of the figure are two sample averaged evoked
potentials for one session, and below each average is a series of
difference potentials constructed by subtracting the average response
taken from non- response trials from the average of all response
trials. There are no components of the evoked potential which
contribute \iniquely to the difference in this or in other subjects.
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REMTED EVOKED POTENTIAL VARIABILITY
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Figure 9* The percent difference in peak amplitude between response
and non-response trials is averaged across subjects for each recording
site.
Standard error of the mean is indicated. The differences
in variability of responses between the three target structures is
highly significant (F ^ 8.71, p < 0.01, simple Analysis of Variance.)
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DISCUSSION

The results of this study may be generally restated as follows:
1.

There occurred a reliable reduction in anrplitude of the

CS evoked potential in many structures during the initial presenta-

tions of the CS-click on habituation day one.

The occurrence of

such decrements in infrathalamic auditory structures is still a

matter of debate, yet Humphrey and Buchvald (1972) have documented
reliable decrements to rejjeated tones even at the level of the
cochlear nucleus.

Others (Webster, 1971) have argued that such

decrements are often due to "rate" effects when stimulus repetition
rates on the order of one per seconds or greater are used.

In the

present study, the repetition rate was variable and relatively slow
(minimum l/20 sec), therefore, the decrements are thought to reflect
true habituation and are consistent with the results of Jaffee et
al.

(1969) and Wickelgren (1968c).
2.

During acquisition of the OR there were transient increases

in auditory evoked potentials in various structures, but these increases were only generally related to the onset of conditioned

responding and did not bear any clear relation to the occurrance
of a CR.

Furthermore, the evoked potentials tended to return to

baseline levels or below when the behavioral response reached
asymptotic levels.

This result is consistent with other published

reports (Rebert, I969; Disterhoff and Olds, 1972) and Buchwald

(personal communication) has noticed inconsistent and transient

increases in various subcortical auditory nuclei activity during

,

kl

foreleg conditioning.

Lelord and Maiio (1969) reported relatively

^stable enhancement of auditory CS evoked
potentials recorded at the

VPL in a freely moving cat during classical
conditioning.

The

mechanism of the enhancement cannot be easily attributed
to the
conditioning process, however, since CR measures were not
made and
there was considerable possibility for the cat to
have adapted pos-

turing or other non-specific mechanisms which might mediate
the

evoked potential enhancement.
dismissed, hov/ever.

Their results cannot be entirely

The failure in the present study to find a

similar stable enhancement may be due to the exact placement within

Vm,

since Lelord and Maho noted that the enhancement was not seen

in all VPL placements but were restricted to a certain region.

Woody (1972) also noted that within a relatively small area of
motor cortex there were "islands" of activity significantly related
to his behavioral measiire with neighboring electrodes showing little

such activity.

Buchwald et al. (1966) has noted differences in

anterior versus posterior MG in responsivity to the CS in conditioning, but this difference has a stronger anatomical basis than within

the ventro basal complex (VPL-VTM)
3.

The critical measure in this study was the relative evoked

potential amplitude to the CS and DS on trials on which there was
or was not a CR.

These measures indicated that, in general, respon-

ses were larger on R than on NR trials, yet these differences were

unreliable since within a given set of trials the response on
trials could be as large as on intermixed R trials.

ITO

Morrell (I96I)

k2

reported wide fluctuations in sensory evoked potentials
in motor
cortex during foreleg conditioning and noted that the
evoked poten-

tial size did not correlate with the CRo

It is not clear whether

he studied the relationship systematically, and there may
well have

been some general correlation, hut his prmary observation
is consistant with the results reported here, that, though there may be
some relationship, it must not be an important one for conditioning.
One interpretation of the transient characteristic of evoked

potential enhancement in conditioning is that various structures
are involved in specific stages of conditioning and, therefore,

reflect the overall process only during that stage, implying that

conditioning has been routed to some other neural centers.
those "other" nuclei have not been found.

As yet,

My interpretation of these

results is that the transient increases reflect the occ\irrence of a

physiological state not specific to conditioning and that no true
measure of essential representation of conditioning has yet been
demonstrated.

A discussion of this non-specific mechanism and other inherent
problems in the analysis of conditioning will be followed by a
general restatement of the problem and prospects for future research.

Inherent Problems for Analysis of Conditioning

Arousal .

Concepts such as attention, arousal, and vigilance

seem to suggest a class of factors that would account for the transient electrophysiological correlates in this and in other studies
of conditioning.

Since an adequate definition for these various

^3

terms is lacking, the class of physiological
states vdll be called
;'arousal."

There are clear effects of state of arousal,
either as

manipulated or observed, on the amplitude and

fom

of sensory evoked

responses especially in non-modality specific structures
(Beyer and
Sawyer, 196^^; Majkowski and Sabrieszek, 1972; Hall and
Barbely, 197O;

Wickelgren, 1968a, 1968b; Winters et al., 196?; and others).

Often,

reliable and stable changes in evoked potentials occur without
concomitant changes in the EEG or other measures of arousal (Majkowski

and Sabrieszek, 1972; Hall, I968).

In Figure 9, we observe a high

degree of evoked potential modulation in

mally related to auditory processing.

a structure not nor-

This modulation was correlated

with trials on which a CR was made but the same degree of modulation
could be observed independent of conditioning.
seen in the MG and even less in IC.

Less modulation was

The degree of evoked potential

modulation in these three structures is similar to changes observable with changes in arousal level.

Arousal, in some sense, may be

a necessary state for conditioned responses to be produced but may

not be sufficient; therefore, high levels of evoked activity might

well be observed under aroused preconditioning periods, or following
conditioning whether or not a response occurred, and further, evoked

activity may be reduced when the animal does not respond (is not
attentive).

This treatment of arousal is similar to the Theios and

Brelsford (1966) three state Markov model for simple eyelid conditioning, where the intermediate state in conditioning, the "A"
(arousal) state, when plotted as a function of trials, shows a

kk

transient rise in probability of occurrence correlated
vith the
^.onset

of behavioral evidence of conditioning.

Thus, their theoreti-

cal model predicts the form of a state variable
vhich has properties

similar to electrophysiological measures thought to reflect
a similar
state variable.

It would be interesting to examine the properties

of a similar variable when developed for a higher order model
which

would reflect the discrminated conditioning case.
There is separate evidence of a transient arousal state during

conditioning.

Powell and Schneiderman (197I) report that there are

changes in heart rate during the course of conditioning and that

these changes decline with extended conditioning.

Heart rate changes

and other autonomic measures of conditioning occur before the first

motor CR's.

These results are consistent with the Theios and Brels-

ford model and amplify the contention that evoked potential enhance-

ment generally observed, like HE changes, do not reflect essential
participation in conditioning.
This arousal interpretation of evoked potential enhancement

during conditioning seriously challenges the validity of the dis.crimination procedure used in the present study.

In a traditional

discrimination procedure, some attribute of the CS, such as fre-

quency of a tone or wavelength of light, serves as a cue for reinforced trials.

The onset of that CS also serves as the eliciting

stim\ilus for the discriminated CR.

In the proced\ire used in the

present study, however, the cue properties of the CS were separated
from the eliciting properties in the stimulus compound tone-click.

h5

By cuing the trial seconds before the eliciting stimulus (click),
generalized arousal (fear, vigilance,

.

.

.

)

accrued to the situa-

tion may be attenuated by the safe DS, and, by contrast, would be

enhanced by the CS.

The differences in evoked responses to the CS

and DS then would be totally confounded by pre-set arousal levels.
The use of the standard discrimination procedure, while requiring

different eliciting stimuli as CS and DS and somewhat confounding
the evoked potential measures, might be better analyzed than a

procedure in which the trials are totally confounded by preset
state variables.

Parallel interacting systems in conditioning .

An electrophysi-

ological analysis of conditioning runs the risk of being confounded

by many parallel physiological systems which correlate with conditioning, but do not themselves reflect the essential elements of

conditioning.

One of these systems, HE changes, has been discussed

as a reflection of arousal; both HR and the interacting blood pres«

sure changes will have neural concomitants that might correlate with
the CR, but. should not be taken as evidence of a neural basis of

conditioning.

Similarly, there is widespread motor suppression

during the CS interval in conditioning even while the specific CR

motor pathways are being activated.

This motor suppression may

have an active neural component either directly reflecting the sup-

pression or the peripheral feedback altered through somatic or gamma
sensory systems.

The electrophysiological responses would be closely

related to conditioning yet would not be considered essential to

k6

conditioned closure.

As mentioned in the introduction, there is

evidence of instrumental postiiral adjustments during
conditioning
of leg flexion and these responses might confound
electrophysiologi-

cal measures.

Tlie

high degree of correlation of these parallel

response systems with conditioning make it difficult to "control"
for them, but alternate methods of analysis such as brain lesions
or differential drug sensitivity might aid in isolating essential

elements of conditioning.

Spatially integrated neural ensembles .

There is recent interest

in interpreting the activity of higher nervous system functioning as

a spatially integrated coherent neural mass where the identity or

meaning of brain activity can only be interpreted in relation to its
other parts.

Gerstein (1969) reasoned that since the channel capaci-

ty of a single neural element is so restricted, neural messages must
consist of ensembles of activity in functional groups which may have

changing boundaries.

The concept of changing boundaries or changing

^mode of action is also suggested by Scheibel and Scheibel (I967)

in reference to cyclic modal action of reticular formation units.

Pollen et al. (1971) have found it useful to interpret the activity
of single neurons in the visual cortex as representing one component in a spatial Fourier transformation of the visual world, and

implying that meaningful coding occurs as a result of the simultaneous activity of distributed neurons.

Auditory coding certainly

shows a similar spatial mapping of the frequency domain resulting

in a distributed pattern of evoked activity.

More specific

hi

fomulations have been made by Pribram" (1972) and by Roy
John
X1972).

Pribram has been interested in holographic theories
of

memory in which memory is stored in a distributed field,
and John
assigns a fundamental role to the concept of coherent
patterns of
activity.

Holographic and spatial Fourier transformations are probably
not the best models of neural processing but they underline
the

possibility that complex spatial and temporal transformations may
occur in the brain and that our analysis of neural activity must
take these possibilities into account.

This factor should not be

a fTindamental problem for the analysis of simple conditioning,

though, since very simple stimuli may not be subject to so many

transformations and, further, at some point any distributed

activity is re-channeled back to a single effector.

That effector

channel is yet to be found.
Response measures

.

The difficulties in accurately quantifying

the conditioned response on a trial-by- trail basis may cloud cor-

relative electrophysiological measures.

Pennypacker (196^) has

.argued that absolute criterion measiires of conditioning do not

accurately reflect the underlying mechanisms.

Rather than use

percentage criterion response, a measure of magnitude of individual
response is necessary.

In the present study it

-was

also found that

level of discrimination was not accurately reflected by percent
criterion.

In a system where the \mderlylng variable may be con-

tinuous, there is more to be gained from using a response measure

i+8

vhich may more closely reflect that variable.

Some Anatomical Considerations

There are two fundamental questions about the nature of
con-

ditioning concerning first the neural pathways involved and then
the mechanisms within those pathways.

Where it is not

-

lesions .

There has been a considerable

amount of interest in localizing essential structures for condition-

ing by the method of lesion.

Buchwald and Brown (1972) cite a

number of such studies which suggest that neither sensory nor motor
neo- cortex play an important role in classical conditioning.

Oakley

and Eussell (1972) reported on a detailed analysis of conditioned

nictitating membrane responses in hemi-de corticate and bilaterally
decorticate rabbits, and cortex was not found to be essential for
conditioning.

Their main effect of partial or complete decortica-

tion was the loss of short latency responses (70 msec).
al.

Norman et

(1973) have reported similar results for a decorticate cat

using eyelid conditioning.
Several investigators have implicated the hippocampus as being
important in memory processing, and Olds and Hirano (1969) found
that the largest changes in firing rate of single cells to a OS

occurred in the hippocampus of rats during Pavlovian conditioning.
Hofwever, following extensive lesions of the hippocampus and overIjring cortex in rabbits,

Schmaltz and Theios (1972) observed normal

acquisition of a conditioned response.

The only obse2rved effect of

the lesion was on the rate of extinction follo^-zing multiple

^9

acquisition and extinction sequences.

The hippocampus does not

,seem to be essential for conditioned connections.

Both Konorski (1968) and Pribram (1972) cite the possible
importance of the amygdala in conditioning, yet Kemble et al.
(1972) reported successful classical conditioning in rabbits

following lesion of the amygdala complex.
Konorski also considers the caudate nucleus and associated

structures as being important subcortical sources of conditioned
connections.

These notions were tested by Norman et al. (I973)

who reported on successful conditioning of two cats with extensive
surgical lesions of caudate nucleus.
Some data is available on other subcortical nuclei as well.

Lockhart (1973) has found that large lesions involving the septum
in rabbits has little effect on the ability of the rabbit to estab-

lish a differentially conditioned response.

Merring (1967a, 1967b,

1968) reports that lesions of MG or even IC does not impede simple
,

conditioned differentiation (e.g., tone vs. bell), and that cortical
lesions which resulted in complete degeneration of posterior thala-

mus, pulvinar, and pretectal nuclei did not affect subsequent conditioning.

Finally, the thalamic site of interest in the present

study, the VTM, was lesioned bilaterally in a cat and Norman et al.
(1973) report normal conditioning in that animal as well.

Where it may be

-

recording .

It is unfortunate that so much

emphasis of the past has been placed on cortical mechanisms in

behavior.

Too little data is available on subcortical systems yet
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on the basis of the available evidence, the following
considerations
,can be made:

The critical locus or loci for conditioning must logically

include convergent influences of both the CS and UCS and
Konorski
(1967) has argued that, on the basis of extensive experimental

evidence, the locus of closure should involve some elements of the

neural pathway of the US.

However, such influences may well be

separated from classical pathways at very low levels of the nervous
system.

Figure 10 below shows a schematic diagrani of the represen-

tative elements in the conditioning procedure used here.

The clas-

sical CS pathways (auditory) include the cochlear nuclei, superior
olive, inferior colliculi, medial geniculate, and auditory cortex.

At every level of this ascending system, collaterals are given off
and may be received from non-specific systems such as the reticular
formation.

The afferent pathways of the unconditioned stimulus

(shock) include the spinal nucleus of the trigeminal nei^e, the
,

ventral basal complex of the thalamus (VPM) and somatosensory
cortex.

•

The unconditioned blink response to somatic stimuli in-

'volves an early component (A) which derives from direct relay from

the trigeminal nucleus to the facial motor nucleus (VIl).

A later

component (B) appears to be the result of somatic sensory activity

relayed to the contralateral VPM and then back by some unspecified
route to the motor nucleus.

Finally, with more intense stimuli

(pain?), there is a sustained blink (c) which starts at 50 msec

latency and presumably involves reticular formation and does not
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require supracollicular elements since it is seen in
decere-brate
^animals.

There is also an unconditioned reflex to loud clicks,

and Gernadt (196^1) found that this auditory pathway also
did not
involve supracollicular pathways but probably coursed through
the

reticular fomation.
On the basis of lesion evidence cited above and building on
the theoretical notions of Groves and Lynch (1972) it seems likely

that the essential neural system involved in classical conditioning
of motor responses is the reticular formation of the midbrain.

Groves and Lynch have described a model of reticul.ar formation

functioning in which an outer sensory mantel integrates polysensory
information and relays the information to a core of magnocellular
elements which provide the efferent outflow.

VThere complex sensory

integration might require cortical involvement, presumably the final
information flow would still use the basic reticular system.

The

reticular formation stands in a unique position to integrate sensory

and motor function being a highly convergent sensory system with

wideranging efferent projections (Scheibel and Scheibel, I967).
.Solid experimental support for such a notion is lacking, but Markel

and Adam (1965) found reliable evidence of aversive conditioning in
decerebrate cats and rats.

Further, Roy John (1972) has noted that,

depending on the modality of the CS used in his conditioning studies,
the sites of certain "readout potentials" may vary slightly, but

these sites always include the reticular formation,

Disterhoff and

Olds (1972) also noted that reticular sites seem to have important
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electrophysiological properties reflecting
conditioning.

Weinberger

,et al. (1969) found that reticular
foraiation EEG preceding a hab-

ituation trial predicted whether or not a motor
response to the

habituating stimulus would be made.

Our understanding of the

macrostructure of the reticular formation is still
prmitive but
it appears that an analysis of conditioning
must proceed in the

direction of understanding its function.
Physiological considerations

-

some constraints on conditioning .

Once the essential neural elements for conditioning are
established,

there is the question of the physiology (mechanisms) of
conditioning.

There are a number of constraints placed on procedural para-

meters and on the definition of an acceptable response which partially define classical conditioning, and while some may view these
constraints or rules as petty obstacles, they are windows into the

processes underlying conditioning.

One of these rules is that,

following a conditioning stimulus, there is a period of 50 to 100

msec during which a reinforcing stmulus (UCS) is ineffective in
establishing a conditioned response.

A reasonable, but not neces-

sary, restatement of this rule is that, following a OS some cells

are refractoiy or inhibited for a period,

Hull originally attempted

to account for the minimum ISI function in tems of neural conduc-

tion delays, yet conduction

tme

is probably not the essential

factor in a process that measures in the hiondreds of milliseconds.
However, inhibitory synaptic interactions of that time course are

extremely common in a number of parts of the brain.

Anderson

(196^+)
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reports that, following stimulation of neurons
in the VPL there is

a 50 msec inhibitory or refractory period and further
demonstrated
relative inhibition lasting an additional 100 msec.

Such inhibi-

tory interactions ma^ play an important role in the
mechanisms
underlying conditioning.
It has been observed in this and in other studies that
con-

ditioned responses occur at a latency of 100 msec or greater and
that the response tends to reach maximal levels at a latency
that

Just anticipates the unconditioned stimulus.

The initial portion

of that delay may be due to the mechanisms underlying response
initiation; thus as noted earlier, highly important motor responses
such as visual tracking show latencies from stimulus movement to

motor response of 100 to 200 msec (Bizzi et al., 1972; Robinson,
1968).

Studies aimed at an understanding of the neural basis of

motor responses will help to analyse conditioned responses, but that
information does not account for the additional delay of conditioned
responses that is correlated with the interstimulus interval.

The

additional delay is part of the learning process since it is de-

pendent on parameters of the conditioning stimulus, and as a com-

ponent of the learned response, it too must be accounted for in

any theoretical treatment of neural process of conditioning.
The fact of long latency responding causes problems for a

simple reflex interpretation of conditioning.

The unconditioned

reflex to shock occurs at a fixed latency of 10 msec while the
conditioned response occurs at a variable latency an order of

5h

auditory
cortex

Figure 10. NEURAL BASIS OF CONDITIONING: ESSENTIAL PATHWAYS. This
is a highly schematic representation of neural elements thought to
be involved in various unconditioned and conditioned facial (blink)
reflexes.
On the basis of numerous previous studies, it is
thought that conditioning involves elements within the line of
decerebration. The reticular formation appears to be the essential
element for conditioning.
The involvement of pain mechanisms is
not understood but may be important.
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magnitude greater.

The conditioned response, then, must fall
well

outside the neural pathways of the unconditioned
response and

probably shares only limited distal paths.

It will not be useful

to think of the conditioning as reflex action since the
neural

processing involved seems to be fundamentally different from
reflex
responses.
There are other properties of conditioning which need to be

explained by a neural model and which in turn might aid in constructing that model.

Conclusion
The conditioned eyeblink is still considered to be a viable

paradigm for studying the neural basis of classical motor conditioning
With a refocus of attention on the reticular fomatlon, it may soon
be possible to isolate the macro- anatoray of the conditioned reflex,

and to illuminate the underlying physiological processes.

Building

on this fundamental knowledge, the more subtle function of higher

nervous system elements in modulating and influencing this basic

conditioning may be studied.

Success in this direction will depend

heavily on the ability to integrate separate well defined behavioral
fundamentals v/ith physiological principles, and the ability to use
one discipline to complement the investigatory short earnings of the

other.
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APPENDIX I

-

EP AlvIPLITUDES AROSS TRAINING DAYS

On each training day four types of evoked potential
averages

vere constructed for each recording site and for each subject.
The catagories were determined by the type of stimulation
and by

whether or not there vas a response.

These averages can be used

to ascertain the degree of participation of a recording site in
the conditioning process.

In the following figures, peak amplitudes

taken from these averages are plotted across training days for
each subject.

Sample evoked potentials are shown with the peak

meas\irement indicated.
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-

ELECTRODE LOCATIONS

Figares are adapted from the atlas of Urban
and Richard.

Electrode sites as confined by histological
results are indicated
below.

Electrode tag includes subject number and either
left (l)

or right (r) side.
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